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(54) SOUND ABSORBING AND HEAT INSULATING MATERIAL, AND METHOD OF 
MANUFACTURING SAME 



(57) An object of the present invention is, by utilizing 
carbon fibers as its constituent material, to provide a 
thermal-acoustic insulation material having excellent 
properties in durability, compression resilience, light- 
ness, fireproofness, and non-galvanic corrosiveness. 
The material of the present invention comprises a wool- 
like carbon fiber aggregate composed of carbon fibers 
having an average fiber diameter of 0.5 um to 5 u.m and 
an average fiber length of 1 mm to 15 mm and the con- 
tact points of the fibers are bonded together by a ther- 
mosetting resin. The galvanic current of the material is 
1 0 uA or lower in a galvanic cell comprising an electrode 
composed of the thermal-acoustic insulation material, 
the other electrode composed of an aluminum plate, 
and an electrolytic solution composed of 0.45 wt.% 
sodium chloride aqueous solution. 
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Description 

TECHNICAL FIELD 

5 [0001] The present Invention relates to a thermal-acoustic insulation material utilizing carbon fibers, and more partic- 
ularly to a thermal-acoustic insulation material utilizing extra fine carbon fibers with non-galvanic corrosiveness. 
[0002] The thermal-acoustic insulation material of the present invention is not limited to the material used for insulat- 
ing both sound and heat, but may be used exclusively for a purpose of absorbing sound as well as exclusively for a pur- 
pose of insulating heat. 

10 

BACKGROUND ART 

[0003] Thermal-acoustic insulation materials have widely been recognized as an important member to construct com- 
fortable and energy-saving housing or to protect humans and/or equipment from harsh external environment. Although 

15 natural fibers and synthetic resins have conventionally been used for thermal-acoustic insulation materials, these mate- 
rials have a problem in safety because they are generally flammable and generate toxic fumes in case of fire. 
[0004] For that reason, inorganic materials have recently been used as an alternative to natural fibers and synthetic 
resins. In particular, having favorable properties such as nonflammability, formability, and mountability, glass fibers have 
been widely used as a raw material for thermal-acoustic insulation materials. 

20 [0005] However, since glass fibers have a specific gravity of approximately from 2.4 to 2.6 g/cm 3 , which is quite large, 
the thermal-acoustic insulation material made of glass fibers does not exhibit sufficient quality in acoustic and thermal 
insulation per unit mass. In addition, since glass fibers gradually deteriorate by absorbing moisture and they do not have 
sufficient mechanical strength, the thermal-acoustic insulation material made of glass fibers does not retain enough 
durability. 

25 [0006] Meanwhile, demand for thermal-acoustic insulation materials having ample safety and high quality has 
immensely been increasing. For example, in high-speed transport means such as high-speed train cars, aircraft, space- 
craft, and the like, high-speed and comfortableness required for such means of transport inevitably entail the demand 
for thermal-acoustic insulation materials having such properties as being highly safe, tough and lightweight. Specifi- 
cally, the requirements besides excellent acoustic and thermal insulation quality are 1) to be lightweight, 2) to have 

30 excellent fire-resistance, 3) not to generate toxic fumes in case of fire, 4) to have no corrosiveness to structural materi- 
als, 5) to have excellent mechanical strength and compression resilience, 6) to have excellent abrasion resistance, 7) 
to have little hygroscopicity, and 8) to have good mountability, and so forth. 

[0007] As previously mentioned, conventional thermal-acoustic insulation materials including the materials made of 
glass fibers are not reliable enough for the aforementioned uses. Therefore, there has been awaited the development 
35 of a highly reliable thermal-acoustic insulation material usable for the above purposes. 

DISCLOSURE OF THE INVENTION 

[0008] In view of the above-mentioned problems, an object of the present invention is, by utilizing carbon fibers, to 
40 provide a thermal-acoustic insulation material which excels not only in acoustic and thermal insulation quality, but also 
in durability, mechanical strength, compression resilience, lightness, chemical stability, nonflammability, non-hygro- 
scopicity, and such properties that the material do not emit toxic fumes in case of fire, as well as non-galvanic corrosive- 
ness, and non-electrical conductivity. 

[0009] Carbon fibers generally have high electrical conductivity, excellent antistatic property, and relatively large elec- 
45 tromotive force. These characteristics of carbon fibers have been applied to antistatic purposes and the like, but 
regarded as undesirable for a material for thermal-acoustic insulation materials. 

[0010] The reasons are as follows, If a thermal-acoustic insulation material is composed of a material having high 
electrical conductivity, the material itself is likely to become a cause of short circuits. Also, if the fragments of the mate- 
rial fail off from the material and then float in the air, the fragments can go into electric circuits and the like, and thus 
so become a cause of short circuits. Moreover, if the material has electromotive force, there is a possibility that the material 
causes electrochemical reactions to other members surrounding the material and consequently causes galvanic corro- 
sion to the other members. 

[0011] One of the objects of the present invention is, as mentioned above, to provide a thermal-acoustic insulation 
material practically mountable to high-speed train cars, aircraft, and the like. These means of transport generally have 
55 metals as their main constituent materials and have a great deal of electric wiring. The purposes of the present inven- 
tion, therefore, cannot be attained by merely employing carbon fibers in place of glass fibers as a main constituent 
material in manufacturing thermal-acoustic insulation materials. 

[0012] Using carbon fibers, the inventors of the present invention have made intensive studies on the methods that 
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can resolve the aforementioned problems. As a result, the inventors have found that the strength of a thermal-acoustic 
insulation material and its acoustic and thermal insulation quality as well as its galvanic corrosiveness are improved by 
appropriately setting carbonizing temperatures for carbon fibers. In addition, the inventors have found that galvanic cor- 
rosion caused by a thermal-acoustic insulation material comprising carbon fibers as a material can practically be pre- 
5 vented when a galvanic current value of the thermal-acoustic insulation material is controlled at 10 |iA or less. On the 
basis of this learning, the inventors have completed the present invention with a group of the inventions described here- 
inafter. 

[0013] It is to be understood that electrical conductivity of a material is not directly related to galvanic corrosiveness 
of the material. The galvanic current value specified herein therefore has great significance since it is an important con- 
10 dition required for a thermal-acoustic insulation material having non-galvanic corrosiveness. 
[0014] The present invention comprises the following inventions. 

(1) Invention 1 is a thermal-acoustic insulation material, comprising a wool-like carbon fiber aggregate which is 
composed of carbon fibers having an average fiber diameter of 0.5 ym to 5 jum and an average fiber length of 1 mm 

is to 15 mm, and wherein the fibers are bonded together by a thermosetting resin. 

(2) Invention 2 is a thermal-acoustic insulation material as in the invention 1 , wherein a galvanic current is 10 \iA or 
lower in a galvanic cell which comprises an electrode composed of the thermal-acoustic insulation material, the 
other electrode composed of an ajuminum plate, and the electrolytic solution composed of 0.45 wt.% aqueous 
sodium chloride solution. 

20 (3) Invention 3 is a thermal-acoustic insulation material as in the inventions 1 or 2, which has a bulk density of 3 
kg/m 3 to10kg/m 3 . 

(4) Invention 4 is a thermal-acoustic insulation material as in one of the inventions 1 to 3, which has a maximum 
tensile strength of 1 .0 g/mm 2 or higher. 

(5) Invention 5 is a thermal-acoustic insulation material as in one of the inventions 1 to 4, which has a compression 
25 recovery rate of 70 % or higher. 

(6) Invention 6 is a thermal-acoustic insulation material as in one of the inventions 1 to 5, wherein a minimum tensile 
strength of the orthogonal direction to the direction of the maximum tensile strength is 0.04 times or higher as the 
maximum tensile strength and, at the same time, a tensile strength of the orthogonal direction to both the direction 
of the maximum tensile strength and the direction of the minimum tensile strength is 0.76 times or higher as the 

30 maximum tensile strength. 

(7) Invention 7 is a thermal-acoustic insulation material as in one of the inventions 1 to 6, which has a thermal con- 
ductivity of 0.039 W/m • °C. or lower. 

(8) Invention 8 is a thermal-acoustic insulation material as in one of the inventions 1 to 7, wherein a vertical incident 
acoustic absorptivity at a frequency of 1000 Hz of the material having a thickness of 25 mm is 48 % or higher. 

35 (9) Invention 9 is a thermal-acoustic insulation material as in one of the inventions 1 to 8 wherein the carbon fibers 
are derived from anisotropic pitch obtained by polymerizing condensed polycyclic hydrocarbon. 

(10) Invention 10 is a method of manufacturing a thermal-acoustic insulation material comprising the following 
steps of: 

40 a spinning step of melting anisotropic pitch obtained by polymerizing condensed polycyclic hydrocarbon, and 

then discharging the melted matter out of a spinning nozzle with blowing a heated gas from around the spin- 
ning nozzle in the same direction to which the melted matter is discharged; 

a carbon fiber producing step of producing non-galvanic-corrosive carbon fibers by infusibilizing the spun fibers 
and then carbonizing the fibers at not lower than 650 °C. and lower then 750 °C; 
45 a spraying and accumulating step of accumulating the non-gaivanic-corrosive carbon fibers into a wool-like 

material on a plane with spraying thermosetting resin solution to the fibers; and 
a heat forming step of forming the accumulated matter with applying heat 

(11) Invention 1 1 is a method of manufacturing the thermal-acoustic insulation material as in the invention 1 0, com- 
50 prising an accumulating step in which the non-galvanic-corrosive carbon fibers are accumulated into a wool-like 

material, and a spraying step in which thermosetting resin solution is sprayed to the wool-like material of accumu- 
lated carbon fibers. 

(12) Invention 12 is a method of manufacturing the thermal-acoustic insulation material as in the inventions 10 or 
11 , wherein the spraying and accumulating step or the accumulation step comprises a method of accumulating fib- 

55 ers by dropping the carbon fibers opened by the air from a height of at least 100 cm or higher. 

(13) Invention 13 is a method of manufacturing the thermal-acoustic insulation material as in the inventions 11 or 
12 wherein the wool-like carbon fiber accumulation has a bulk density of 1 .3 kg/m 3 or lower. 
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[0015] The tensile strength was measured with a constant-traverse-rate-type tensile tester, at a tensile testing speed 
of 20 mm/min. The length of the specimen was 50 mm and the size of the specimen was 50 mm x 50 mm x 25 mm thick 
(see FIG. 15 and 16). The method of the tensile test is detailed in [The conditions in measuring tensile strengths], which 
will be described later. 

r 

5 [0016] The thermal conductivity was measured at 22 °C M according to ASTM C-518 (American Society for Testing 

and Material: Heat flow meter method). Z 
[0017] The vertical incident acoustic absorptivity was measured according to JIS (Japanese Industrial Standards) A- r 
1405. 

[001 8] The compression recovery rate was measured as follows: The thickness of a thermal-acoustic insulation mate- 
10 rial specimen having a size of 1 00 mm x 1 00 mm x a thickness of 25 mm was measured after 24 times repeating a cycle 
of applying a pressure of 0.7 kg/cm 2 to the specimen by using pressure elements with a diameter of 76 mm from the 
directions of its thickness for 30 minutes and then releasing the pressure. The values are indicated in a percentage to 
the initial thickness (25 mm). 

[0019] The galvanic current mentioned herein is a value of the electric current measured in a galvanic cell expressed 
15 by a cell diagram of: a carbon fiber electrode | 0.45 wt.% aqueous sodium chloride solution | an aluminum electrode. 
The detail will be described later. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 [0020] 

FIG.1 is a graph showing the relationship of carbonizing temperatures for carbon fibers to galvanic currents and 
galvanic corrosion. 

FIG.2 is a graph showing the relationship between carbonizing temperatures for carbon fibers and tensile strengths 
25 of the single fibers. 

FIG.3 is a graph showing the relationship between carbonizing temperatures for carbon fibers and tensile strengths 
of a thermal-acoustic insulation material comprising the carbon fibers. 

FIG.4 is a graph showing the relationship between carbonizing temperatures for carbon fibers (anisotropic pitch 
and isotropic pitch) and tensile strengths of the single fibers. 
30 FIG.5 is a graph showing the relationship between carbonizing temperatures for carbon fibers (anisotropic pitch 

and isotropic pitch) and tensile strengths of thermal-acoustic insulation materials comprising the carbon fibers. 
FIG.6 is a graph showing the relationship between diameters of carbon fibers and thermal conductivity of thermal- 
acoustic insulation materials. 

FIG.7 is a graph showing the relationship between diameters of carbon fibers and vertical incident acoustic absorp- 
35 tivities of thermal-acoustic insulation materials at a frequency of 1000 Hz. 

FIG.8 is a graph showing sound absorption characteristics of thermal-acoustic insulation materials having carbon 
fibers as its main constituent. 

FIG.9 is a graph showing the relationship between bulk densities of thermal-acoustic insulation materials having 

carbon fibers as its main constituent and their thermal insulating qualities (1/A,). 
40 FIG. 10 is a graph showing the relationship between bulk densities of thermal-acoustic insulation materials having 

carbon fibers as its main constituents and their thermal insulating qualities per unit bulk density ((1M,)/p). 

FIG.1 1 is a histogram showing the distribution of diameters of the precursor fibers used in Examples 1 to 6 and 

Comparative Examples 1 and 2, which are described later. 

FIG.12 is a schematic diagram of a galvanic cell. 
45 FIG.1 3 is an explanatory diagram to illustrate a galvanic corrosion test. 

FIG. 14 is a concept diagram showing the state of contact points of the carbon fibers that constitute a carbon fiber 

thermal-acoustic insulation material. (Contact points: •) 

FIG. 15 is a diagram to explain the method of the tensile strength test (lengthwise direction and widthwise direction). 
FIG. 16 is a diagram to explain the method of the tensile strength test (thickness direction). 

50 

THE BEST MODE FOR CARRYING OUT THE PRESENT INVENTION 

[0021] The present invention is detailed hereinafter with reference to experiments and FIGS. 1 through 13 showing 
the results of the experiments. The description hereinafter will clarify the effects of the present invention. 
55 [0022] Unless specified, the carbon fibers used in the experiments hereinafter comprised anisotropic pitch as a mate- 
rial, and the fibers had an average fiber diameter of 1 .3 um (fiber diameter: 0.5 Jim to 3.5 u,m) and an average fiber 
length of 5 mm (fiber length: 1 mm to 15 mm). The thermal-acoustic insulation materials used in the experiments (only 
a three dimensional structure of the carbon fibers was used) were produced from the aforementioned carbon fibers 
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bonded together by a thermosetting resin, and the resulting materials had a bulk density of 4.8 kg/m 3 . The details of the 
producing method, etc. of the thermal-acoustic insulation materials will be described later. The thermal-acoustic insu- 
lation material made of the carbon fibers whose contact points are bonded together by a thermosetting resin is herein- 
after referred to as 'a CF thermal-acoustic insulation material'. The conventional thermal-acoustic insulation material 
5 made of glass fibers is hereinafter referred to as 'a thermal-acoustic insulation material made of glass fibers'. (In the 
figures, it is shown as 'GF'.) 

[0023] First, the methods of the experiments will be given below. 
The method of measuring galvanic currents 

10 

[0024] FIG. 12 shows a device for measuring galvanic currents. In FIG. 12, 1 is a carbon fiber electrode (one side of 
the electrodes). For measuring a galvanic current of carbon fibers themselves, 100 mg of the carbon fibers was pre- 
pared into an aggregate of 1 mm thick, 40 mm wide and 50 mm high, and the resulting aggregate was used as the car- 
bon fiber electrode. For measuring a galvanic current of a CF thermal-acoustic insulation material, the CF thermal- 
15 acoustic insulation material made into the same size as the aforementioned aggregate was used as a carbon fiber elec- 
trode. 

[0025] In FiG. 12, 2 is an aluminum electrode composed of aluminum alloy 2024 (the other side of the electrodes) 
with the dimensions of 1 mm thick, 40 mm wide and about 50 mm high. A glass fiber cloth 3a has a thickness of 0.2 
mm, and is disposed between the carbon fiber electrode 1 and the aluminum electrode 2 to restrict the distance 
20 between the two electrodes. A glass plate 4 supports a side of the carbon fiber electrode 1 together with a glass fiber 
cloth 3b disposed between the carbon fiber electrode 1 and the glass plate 4, so that the carbon fibers composing the 
electrode 1 do not come off. 

[0026] Electrolyte 5 consists of 0.45 wt.% aqueous sodium chloride solution (200 ml). In FIG. 12, 7 is a zero-shunt 
ammeter (HM-104, manufactured by Hokuto Denko Co., Ltd., Japan), and 8 is a beaker made of glass (300 mi). An 
25 electrode group 9 composed of the carbon fiber electrode 1, the aluminum electrode 2, the glass fiber cloth 3a, the 
glass fiber cloth 3b and the glass plate 4 is immersed in the electrolyte 5, and the electrode 1 and electrode 2 are con- 
nected to the zero-shunt ammeter 7 with lead wires 6. 

[0027] By using the device described above, galvanic currents were measured with the ammeter 7 after the electrode 
group 9 was immersed in the electrolyte 5 for one hour The values thus measured were employed as galvanic currents 
30 herein. 

The method of assessing galvanic corrosiveness 

[0028] Whether a specimen has galvanic corrosiveness or not was assessed by using a test piece shown in FIG. 13. 

35 In FIG. 13, 1 0 is either a wool-like carbon fiber aggregate specimen prepared into a dimension of 40 x 40 mm square 
and 20 mm thick, or a CF thermal-acoustic insulation material prepared into the same dimension as the aforementioned 
aggregate. In the same figure, 11 is a plate made of aluminum alloy 2024 having a dimension of 40 x 40 mm square 
and 1 mm thick, where the surface thereof is polished so as to be a specular surface and then treated with a solution 
containing 2 % Cr0 3 and 2 % H 3 P0 4 . A test piece 12 is composed of the specimen 10 sandwiched by the aluminum 

40 alloy plates 1 1 . 

[0029] The test piece 12 was first left in the room where the relative humidity was 90 % and the temperature was 40 
°C. for 24 hours, next placed in the room where the conditions were normal (the temperature: 18 to 27 °C, the relative 
humidity: 40 to 70 %), and left for another 24 hours. Then, the test piece 12 was placed back in the room where the 
relative humidity was 90 % and the temperature was 40 °C. This cycle was repeated 1 5 times (30 days). After the cycles 
45 were completed (after 30 days), the specular surface of the aluminum was eye-assayed. When the surface showed the 
same state as its initial state, it was defined as 'no galvanic corrosion observed (-)'. When a little tarnish was recognized 
on the surface, it was defined as 'a little galvanic corrosion observed (±)\ When the surface was obviously corroded, it 
was defined as 'galvanic corrosion observed (+)'. 

[0030] For thermal-acoustic insulation materials, tensile strength, thermal conductivity, vertical incident acoustic 
so absorptivity and compression recovery rate were measured according to the methods described above. For single fib- 
ers, tensile strength was measured in accordance with JIS R-7601. The details of the measurement methods are 
described in the corresponding sections herein. 

[0031] Secondly, referring to the figures, the results of the experiments are detailed below. 

55 The relationship between galvanic currents and galvanic corrosion 

[0032] FIG. 1 shows the relationship between the carbonizing temperatures for the carbon fiber precursors, the gal- 
vanic currents of the carbon fibers after a carbonizing treatment and of the CF thermal-acoustic insulation materials uti- 



5 



EP0 963 964 A1 

lizing the carbon fibers, and the occurrence of galvanic corrosion (T). The carbon fiber precursors were produced from 
anisotropic pitch obtained by polymerizing condensed polycyclic hydrocarbon, spun into an average fiber diameter of 
1 .3 |nm and an average fiber length of 5 mm and then subjected to an infusibilizing treatment. 

[0033] In FIG.1, X—X shows the galvanic currents of the carbon fibers, X— X shows the galvanic currents of the CF 
5 thermal-acoustic insulation materials. The x-axis (galvanic currents) in the figure is indicated by a logarithmic scale. 
[0034] As apparent in FIG. 1, as the carbonizing temperatures rose, the galvanic currents became exponentially 
larger. As to the occurrence of galvanic corrosion, a little corrosion was observed at a galvanic current of 20 \xA f while 
no corrosion was observed at 10 jiA or lower. 

[0035] Judging from the results above, the occurrence of galvanic corrosion can be practically prevented by controlling 
10 a galvanic current of carbon fibers at 20 jiA or lower, preferably at 1 0 jjA or lower. The correspondence between the x- 
axis and the occurrence of galvanic corrosion indicates that the carbonizing temperature should be controlled at 800 
°C. or lower, or preferably at 750 °C. or lower, to produce the carbon fibers which do not cause galvanic corrosion. 
[0036] In order to sufficiently carbonize the carbon fiber precursors, however, the carbonizing temperature needs to 
be 550 °C or higher. If the temperature is lower than 550 °C, it is possible that the carbonizing treatment is insufficient. 
15 For these reasons, the carbonizing temperature should be controlled within the range of 550 °C. to 800 °C, or prefera- 
bly 550°C. to 750 °C. 

[0037] In the experiment concerning FIG. 1 , a little galvanic corrosion was observed when the galvanic current of the 
carbon fibers was 20 \iA. However, the above-described test results regarding galvanic corrosiveness were obtained 
under such severe conditions that the specimen was exposed to a temperature of 40 °C. and a relative humidity of 90 
20 % repeatedly. Compared to this, the conditions under which thermal-acoustic insulation materials are normally used are 
not so severe. It is therefore believed that when the galvanic current is controlled at lower than 20 ^iA, the occurrence 
of galvanic corrosion can be prevented. 

[0038] There was a slight difference between the galvanic currents of carbon fibers themselves (X — X) and the gal- 
vanic currents of the CF thermal-acoustic insulation materials utilizing the carbon fibers (X — X). This difference is con- 
25 sidered to have been the effect of the thermosetting resin contained in the CF thermal-acoustic insulation materials. 
That is, the thermosetting resin worked to lower the galvanic currents. For this reason, it is considered that a CF ther- 
mal-acoustic insulation material which practically causes no galvanic corrosion will be obtained if the material is pro- 
duced from the carbon fibers having a galvanic current of 20 jxA or lower Nevertheless, as mentioned above, it is more 
preferable to control the galvanic current at 1 0 fiA or lower. 

30 

The relationship of carbonizing temperatures to tensile strengths and elongations 

[0039] FIG. 2 shows the relationship of the carbonizing temperatures to the tensile strengths (kg/mm 2 ) and elonga- 
tions of the single fibers. The upper graph of FIG. 3 shows the relationship between the tensile strengths in the length- 

35 wise direction of the CF thermal-acoustic insulation materials (g/mm 2 ) and the carbonizing temperatures for the carbon 
. fibers which constitute the materials. The lower graph of FIG. 3 shows the relationship between the compression recov- 
ery rates (%) of the CF thermal-acoustic insulation materials and the carbonizing temperatures. 
[0040] Concerning the single fibers, the tensile strength values herein were measured according to JIS R-7061 . How- 
ever, since it is difficult to measure the tensile strengths of extra fine fibers with diameters of 0.5 jim to 3.5 jim (an aver- 

40 age fiber diameter of 1.3 jim), the results shown in FIG. 2 were obtained according to the following method. First, 
carbon fibers with diameters of 10 jim to 13 jxm were prepared under the same conditions except their diameters, and 
the tensile strengths of the prepared fibers were measured. Then, the measured results were converted into the values 
per unit cross-sectional area, and the converted values are shown in the figures. Concerning the CF thermal-acoustic 
insulation materials, the materials employed in this experiment were composed only of the three-dimensional structures 

45 (bulk density: 4.8kg/m 3 ) of carbon fibers, and the tensile strength values were measured according to the conditions 
described later in "The conditions in measuring tensile strength". 

[0041] As apparent in FIG. 2, as the carbonizing temperatures became higher, the tensile strengths of the carbon fib- 
ers themselves became larger, forming a graph like a linear function. Concerning the elongations, the largest value was 
observed at about 650 °C, the large elongation values were obtained from 625 °C to 800 °C, and the values kept 
so unchanged over 800 °C. 

[0042] As apparent in FIG. 3, concerning the tensile strengths of the CF thermal-acoustic insulation materials, the 
largest value was at around 700 °C and the smallest was at around 800 °C (the upper graph in FIG.3) 
[0043] The relationship between the compression recovery rates and the carbonizing temperatures for the CF ther- 
mal-acoustic insulation material showed similar results to the above-mentioned relationship between the tensile 
55 strengths and the carbonizing temperatures (the lower graph in FIG. 3). 

[0044] From these results, it is understood that carbon fibers having a large elongation value can be produced by the 
carbonizing treatment at about 625 °C to 800 °C. It is also understood that if the carbon fibers thus produced are 
employed in producing a CF thermal-acoustic insulation material, it is possible to produce the CF thermal-acoustic insu- 
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lation material having a tensile strength of 1 .0 g/mm 2 or higher, and that the resulting material thereby has an excellent 
compression recovery rate. 

[0045] In FIGS. 2 and 3, the relationship between the tensile strengths and the carbonizing temperatures, and the 
relationship between the compression recovery rates and the carbonizing temperatures both resulted in quadric curves 

5 having maximum values and minimum values unexpectedly, while the relationship between the tensile strengths of the 
carbon fibers (single fibers) and the carbonizing temperatures resulted in a graph like a linear function. The reason for 
this is considered to be that the elongations of carbon fibers significantly affects the tensile strengths and the compres- 
sion recovery rates of the CF thermal-acoustic insulation materials. Now, the consideration to this matter is given below. 
[0046] FIG.14 is a concept diagram showing the contact state of the carbon fibers which constitute a CF thermal- 

10 acoustic insulation material (contact point: •)• With reference to FIG. 14, when a CF thermal-acoustic insulation material 
is stretched toward the directions indicated by the allows, the shape of the meshes changes and each line segment 
which constitutes the meshes turns to the stretching directions. However, because the length of each line segment var- 
ies, the line segments which constitute certain sides of the meshes receive greater tension than those of the others. As 
a result of this, the line segments are cut off, or the contact points (•) bonding the segments together are detached. 

15 [0047] In the case where the meshes are composed of the line segments (i.e. carbon fibers) having large extensibility, 
even if specific sides (line segments) are stretched with larger tension than the rest of the sides, the extension in the 
specific side enables the meshes to endure the tension due to the resultant force with the others sides. In other words, 
as a result of the meshes resisting the tension by working as a network, the cutoffs of the line segments and the detach- 
ments of the connected points (•) are reduced, and therefore the larger tensile strength of the whole material is 

20 obtained. It is considered that the tensile strength as a network becomes the largest when the elongation and the ten- 
sile strength of single fibers are best balanced. 

[0048] The results shown in FIGS. 2 and 3 indicate that when the carbonizing treatment is carried out at 700 °C, the 
tensile strength and the elongation of the single fibers are best balanced and thus the tensile strength of the whole 
material (the tensile strength of the CF thermal-acoustic insulation material) becomes large, and so does the compres- 
25 sion recovery rate of the CF thermal-acoustic insulation material. 

The difference between isotropic pitch and anisotropic pitch 

[0049] FIG.4 shows the relationship between the carbonizing temperatures for carbon fibers and the tensile strengths 
30 of the fibers. The fibers used in this experiment were the carbon fibers manufactured from anisotropic pitch obtained by 
polymerizing condensed polycyclic hydrocarbon and the ones manufactured from isotropic pitch made from coal tar. 
FIG. 5 shows the relationship between the carbonizing temperatures for those carbon fibers and the tensile strengths 
(in the lengthwise direction) of the CF thermal-acoustic insulation materials (bulk density: 4.8 kg/m 3 ). The CF thermal- 
acoustic insulation materials used in this experiment are produced from the above-mentioned carbon fibers. 
35 [0050] As apparent in FIG. 4, the carbon fibers manufactured from anisotropic pitch had far larger tensile strengths 
than the carbon fibers manufactured from isotropic pitch. Also, as apparent in FIG. 5, there was no maximum value and 
minimum value in the tensile strengths of the CF thermal-acoustic insulation materials comprising the carbon fibers 
manufactured from isotropic pitch, as opposed to the graph of the CF thermal-acoustic insulation materials comprising 
the carbon fibers manufactured from anisotropic pitch. From the results of this experiment, it is concluded that the exist- 
40 ence of the maximum and minimum tensile strength value is a property particular to the carbon fibers manufactured 
from anisotropic pitch obtained by polymerizing condensed polycyclic hydrocarbon. The existence of the maximum and 
minimum value has therefore a great significance in improving the quality and production efficiency of the CF thermal- 
acoustic insulation material of the present invention. 

[0051] The following are concluded from the results of the experiments shown in FIGS. 1 through 5. Anisotropic pitch 
45 obtained by polymerizing condensed polycyclic hydrocarbon should be employed as a material of the carbon fiber pre- 
cursors in view of the elongation (toughness) of the carbon fibers and the tensile strength of the CF thermal-acoustic 
insulation material produced from the precursors. The carbonizing temperature for carbon fiber precursors should be 
550 °C. or higher but lower than 800 °C M more preferably 550 °C. to 750 °C, or most preferably 650 °C. to 750 °C. If a 
CF thermal-acoustic insulation material is produced from the carbon fibers subjected to the carbonizing treatment at 
so 650 °C. to 750 °C, the resulting material will have a tensile strength of 1 .0 g/mm 3 or higher and a galvanic current of 10 
uA or lower. The CF thermal-acoustic insulation material thus obtained practically causes no galvanic corrosion. 

The relationship of fiber diameters to thermal conductivity and vertical incident acoustic absorptivities 

55 [0052] FIG. 6 shows the relationship between the thermal conductivity X (W/m • °C.) of the CF thermal-acoustic insu- 
lation material (bulk density: 4.8 kg/m 3 , thickness: 25 mm) and the average diameters of the carbon fibers composing 
the material. FIG. 7 shows the relationship between the average diameters of the carbon fibers composing the material 
and the vertical incident acoustic absorptivities at 1 000 Hz of the material. The thermal conductivity and the vertical inci- 
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dent acoustic absorptivity of a conventional thermal-acoustic insulation material made of glass fibers (GF, bulk density: 
4.8 kg/m 3 , average fiber diameter: 1 pirn, average fiber length: 10 mm) are also shown in the FIG. 6 and FIG. 7 for a 
comparison (plot: X). 

[0053] The values in FIG. 6 and FIG.7 were obtained according to a trial-and-error method. The reason is that, since 
5 the diameters of manufactured carbon fibers are distributed as shown in FIG. 1 1 , a great deal of ingenuity in manufac- 
ture process and trouble in measurement process is required in preparing a CF thermal-acoustic insulation material 
having a specific average fiber diameter. 

[0054] FIG. 6 shows that the larger the diameter of the carbon fibers is, the greater the thermal conductivity. FIG. 6 
also shows that the CF thermal-acoustic insulation material comprising the carbon fibers having an average diameter 

10 of 5 fim or smaller can attain the degree of thermal insulation quality equal to or higher than that of the thermal-acoustic 
insulation material made of glass fibers having an average diameter of 1 fim (thermal conductivity: 0.039 W/m • °C). In 
other words, whether or not the average diameter stays within the value limitation of 5 \irx\ determines whether or not 
the degree of thermal insulation quality of a CF thermal-acoustic insulation material is equal to or higher than that of the 
material made of glass fibers having an average diameter of 1 jim. In FIG. 6, even when the carbon fibers having larger 

15 average diameters than the average diameter of the glass fibers were employed, the degree of thermal insulation qual- 
ity was still higher than that of the material comprising the glass fibers. This is surprisingly desirable, since carbon fibers 
having larger diameters are easier to manufacture. 

[0055] FIG. 7 shows that the larger the average diameter of carbon fibers is, the less the vertical incident acoustic 
absorptivity. FIG. 7 also shows that the CF thermal-acoustic insulation material comprising the carbon fibers having an 

20 average diameter of approximately 2 fim or smaller can attain the acoustic absorptivity equal to or higher than that of 
the conventional material made of glass fibers (48 % or higher when the thickness is 25 mm). In other words, whether 
or not the average diameter stays within the value limitation erf 2 ^im determines whether or not the acoustic absorption 
quality of a CF thermal-acoustic insulation material is equal to or higher than that of the thermal-acoustic insulation 
material made of glass fibers having an average diameter of 1 jtim. In FIG. 7, even when the carbon fibers having larger 

25 average diameters than the average diameter of the glass fibers were employed, the acoustic absorptivities were higher 
than that of the material made of the glass fibers. Again, this is surprisingly desirable, since carbon fibers having larger 
diameters are easier to manufacture. 

[0056] The above results demonstrate that it is preferable to set an average diameter of carbon fibers at 5 \im or 
smaller, or more preferably 2 jam or smaller. However, in the present state of art, it is extremely difficult to manufacture 
30 carbon fibers with an average fiber diameter of less than 0.5 |im. A preferable average diameter of carbon fibers is, 
therefore, 0.5 fim to 5 \im t or more preferably 0.5 \im to 2 jim. 

[0057] Concerning the length of carbon fibers (fiber length), it is difficult to manufacture the carbon fibers having an 
average fiber length of more than 15 mm when the fibers are extra fine carbon fibers with an average fiber diameter of 
0.5 \xm to 5 jim. Moreover, the fibers longer than 15 mm are not preferable because the fibers tend to be oriented two- 

35 dimensionally in producing the carbon fiber aggregate. Likewise, if the average fiber length is shorter than 1 mm, it is 
impossible to form desirable three-dimensional structures because the intertwinement of the fibers cannot develop eas- 
ily. Further, the fibers with an average fiber diameter of 1 mm are likely to produce such problems that the fibers are 
easily detached from the structures, causing faults in electric appliances surrounding the structures by the fiber frag- 
ments entering the electric circuits. On the other hand, the fibers having an average length of 3 mm to 8 mm are easy 

40 to be manufactured and to be oriented three-dimensionally. 

[0058] For the above reasons, it is preferable to set an average fiber lengths at 1 mm to 15 mm, or more preferably at 
3 mm to 8 mm. 

[0059] In FIG. 8, the graphs shows the vertical incident acoustic absorptivities against frequencies concerning the CF 
thermal-acoustic insulation material comprising the carbon fibers with an average diameter of 1 .3 \im and the material 
45 comprising the carbon fibers with an average diameter of 1 3 

[0060] From the comparison of the above materials, it is understood that the CF thermal-acoustic insulation material 
comprising extra fine carbon fibers with an average diameter of 1 .3 jxm has excellent acoustic absorption quality partic- 
ularly in a high frequency range. 

so Bulk density and thermal insulation property 

[0061] A variety of CF thermal-acoustic insulation materials only different in their bulk densities were prepared to 
measure their thermal conductivity X (A, = W/m • °C., W means 'watt'). The results of the measurements are shown in 
FIG. 9 as the relationship between the bulk densities and MX (thermal insulation property). With reference to FIG. 9, the 
55 relationship between the bulk density and the thermal insulation property (1/X) of the CF thermal-acoustic insulation 
material is explained below. FIG. 9 shows both the results of the CF thermal-acoustic insulation materials (thickness: 
25 mm, represented by and of the conventional thermal-acoustic insulation materials which has an average fiber 
diameter of 1 .0 jxm or 2.5 jim and an average fiber length of 5 to 1 5 mm (represented by X). 
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[0062] FIG. 9 illustrates that the larger the bulk density is, the better the thermal insulation property. It is noted that, 
however, the degree of the improvement decreases, as the bulk density becomes larger. It is also noted that the thermal 
insulation property of a CF thermal-acoustic insulation material is far superior to that of the material made of glass fibers 
when compared at the same bulk density. This indicates that even with a smaller weight, a CF thermal-acoustic insula- 
5 tion material can achieve the same degree of thermal insulation property as that of the thermal-acoustic insulation 
material made of glass fibers. Further, it is noted that, if the CF thermal-acoustic insulation material has a bulk density 
of 3 kg/m 3 or higher, the effect of thermal insulation is equal to or higher than that of the material comprising glass fiber 
with an average fiber diameter of 1 .0 u.m. 

[0063] FIG. 10 is a graph in which the x-axis shows the bulk density and the y-axis the values obtained by dividing 
10 thermal insulation property {MX) by bulk density p ((1/A.)/p). This graph illustrates the thermal insulation property of a 
thermal-acoustic insulation material per unit bulk density (thermal insulation quality per weight). In FIG. 10, as the bulk 
density increases, the thermal insulation property per unit bulk density decreases forming almost a linear line. This indi- 
cates that the smaller the bulk density is, the better the thermal insulation quality per weight, and that a CF thermal- 
acoustic insulation material has better thermal insulation quality per weight ((1M.)/p) than the material made of glass fib- 
15 ers (X). 

[0064] Further, the thermal insulation quality per weight of the CF thermal-acoustic insulation material with a bulk den- 
sity of 10 kg/m 3 is almost equal to that of the material made of glass fibers with a bulk density of 6.3 kg/m 3 (X). This 
result demonstrates that if the bulk density of a CF thermal-acoustic insulation material is 10 kg/m 3 or less, the thermal 
insulation quality can be guaranteed to be equal to or higher than that of the material made of glass fibers (bulk density: 
20 6.7 kg/m 3 ), which is a typical conventionally-used thermal-acoustic insulation material. 

[0065] From the results mentioned above, it is concluded that a bulk density of a CF thermal-acoustic insulation mate- 
rial should preferably be 3 kg/m 3 to 10 kg/m 3 . 

Compression recovery 

25 

[0066] Compression recovery rate is one of the properties that reflects mechanical strength of a CF thermal-acoustic 
insulation material. If a thermal-acoustic insulation material with a small compression recovery rate is used under such 
conditions that the material is affected by vibration and compression force resulting from the vibration, the initial acous- 
tic and thermal insulation quality will fade away in a short period. One of the reasons is that if the compression recovery 
30 rate is small, the bulk of the material gradually decreases due to the vibration and compression, which brings about the 
shrinkage of the inner gap of the material and thereby leads to the deterioration of the material's quality. Another reason 
is that the decrease of the bulk causes a gap in the space in which the material was fitted. 

[0067] One of the objects of the present invention is to provide a CF thermal-acoustic insulation material having the 
quality equal to or higher than that of the conventional material made of glass fibers. The material of the present inven- 
35 tion, therefore, has to assure the same degree of the compression recovery rate as that of the material made of glass 
fibers. The typical conventionally-used material made of glass fibers (bulk density: 6.7 kg/ 3 ) has a compression recov- 
ery rate of 70 %. (See Comparative Example 4 in table 4, which will be described later.) 

[0068] On that account, a compression recovery rate of a CF thermal-acoustic insulation material should be at least 
70 % or higher, or more preferably 85 % or higher. The reason is that if the compression recovery rate of a CF thermal- 
40 acoustic insulation material is 85 % or higher, the material can endure the external forces in mounting and manufactur- 
ing, and the material can also be usable under such conditions that the material is constantly affected by vibration and 
compression force. 

The tensile strength ratios in three-dimensional directions 

45 

[0069] A further limiting factor concerning a CF thermal-acoustic insulation material of the present invention will be 
described below. One of the objects of the present invention is to provide a lightweight and high-quality CF thermal- 
acoustic insulation material utilizing extra fine carbon fibers. Another object of the present invention is to provide the 
material usable under such conditions that the material is constantly affected by vibration and compression force, for 
so example on high-speed train cars and aircraft. However, when extra fine carbon fibers are employed in producing a CF 
thermal-acoustic insulation material with a small bulk density, the mechanical strength thereof results in a smaller value 
than that of the material made of medium fine fibers with a large bulk density, and therefore the material made of extra 
line fibers is likely to be inferior in its handleability, mountability, and durability. 

[0070] In particular, if the strengths in the three-dimensional directions are extremely different in each direction, the 
55 resulting material easily breaks from the weakest direction. Nevertheless, it is difficult to render the absolute strength in 
each direction very large, as long as extra fine fibers are employed and a small bulk density is required. The difference 
between the tensile strengths in each direction of x-axis, y-axis and z-axis in three-dimensional coordinates (hereinafter 
referred to as 'three axes*) should therefore be rendered small so that the CF thermal-acoustic insulation material can 
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retain a small weight and bulk density as well as excellent handleability, mountability, durability and compression recov- 
ery rate. 

[0071] In view of the above reasons, for a preferable embodiment of the present invention, the minimum tensile 
strength in the orthogonal direction to the maximum tensile strength direction of a thermal-acoustic insulation material 
5 should be equal to or greater than 4 % of the maximum tensile strength. The tensile strength in the direction orthogonal 
to both the directions of the maximum tensile strength and the minimum tensile strength should be equal to or greater 
than 35 % of the maximum tensile strength. 

[0072] The grounds of these values will be described below with reference to table 1 and table 2. Table 1 shows the 
measurement results of the tensile strengths of the thermal-acoustic insulation materials only varied in their bulk den- 
10 sities. The values were measured in the directions of three axes, i.e. their lengthwise, widthwise and thickness direc- 
tions. 

[0073] Table 2 shows the percentages of the tensile strengths in the minimum tensile strength direction to the tensile 
strengths in the maximum tensile strength direction and to the tensile strengths in the medium tensile strength direction. 
It also shows the percentages of the tensile strengths in the minimum tensile strength direction to the tensile strengths 
is in the medium tensile strength direction. 

[0074] Normally, the minimum tensile strength direction is the material's thickness direction, and the maximum tensile 
strength direction is the lengthwise or widthwise direction. The medium tensile strength direction is the direction that 
exhibits a tensile strength between the maximum tensile strength and the minimum tensile strength, and it is normally 
the widthwise direction. 

20 

[The conditions in measuring tensile strength] 

[0075] The tensile strengths herein were measured with a cohstant-traverse-rate-type tensile tester, in accordance 
with the following conditions. 

25 

(1) The tensile strengths in the lengthwise and widthwise directions 
[0076] 

30 Tensile strength test speed 20 mm/min. 

Specimen's length 50 mm 

Specimen size 50 mm x 50 mm and a thickness of 25 mm (see FIG. 15) 

35 

(2) The tensile strengths in the thickness direction 
[0077] 

40 Tensile strength test speed 20 mm/min. 

Specimen's thickness 25 mm 

Specimen size 60 mm x 60 mm and a thickness of 25 mm (see FIG. 16) 

45 

[0078] The tensile strengths in the thickness direction were measured by pulling the plates attached onto both sides 
of a CF thermal-acoustic insulation material (the margins in FIG. 1 6) toward the directions indicated by the arrows. The 
thermal-acoustic insulation materials made of glass fibers, employed as a comparative subject herein, were produced 
from glass fibers having an average fiber diameter of 1 jim and an average fiber length of 10 mm. 

50 



55 
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Table 1 



Type of Insulation 


Glass fiber 


CF 


Bulk density (kg/m 3 ) 


5 


10 


3 


5 


7 


10 


Tensile strength in three axis 
directions 


Maximum tensile strength 
direction (lengthwise) 


1.0 


0.25 


0.21 


1.5 


2.7 


5.2 


Medium tensile strength direc- 
tion (widthwise) 


0.35 


0.19 


0.21 


1.3 


2.6 


4.9 


Minimum tensile strength 
direction (thickness wise) 


0.010 


0.010 


0.012 


0.085 


0.14 


0.15 


Tensile strength: g/mm 2 



Table 2 



25 



Type of insulation 


Glass fiber 


CF 


Bulk density (kg/m 3 ) 


5 


10 


3 


5 


7 


10 


Tensile strength ratio * 


Minimum to maximum 


1.0 


4 


5.7 


5.7 


5.2 


2.9 


Medium to maximum 


35 


76 


100 


86 


96 


94 


Minimum to medium 


2.9 


5.3 


5.7 


6.5 


5.4 


3.1 



*Percentage 



30 

[0079] As apparent in table 1 , when compared at the same bulk densities, the CF thermal-acoustic insulation mate- 
rials have greater tensile strengths than the materials made of glass fibers. In particular, a remarkable difference 
between these two materials is noted in the tensile strengths in the widthwise and thickness directions. More specifi- 
cally, the tensile strength of the CF thermal-acoustic insulation material in the thickness direction is 8.5 times as that of 
35 the material made of glass fibers when the bulk density is 5 kg/m 3 , and is 1 5 times as that of the material made of glass 
fibers when the bulk density is 10 kg/m 3 . 

[0080] Referring now to table 2, when each tensile strength ratio (percentage) of minimum to maximum, medium to 
maximum, and minimum to medium is compared at the same bulk density, the CF thermal-acoustic insulation materials 
have larger values than the materials made of glass fibers (conventional material). That is, the difference between the 

40 tensile strengths in each axis was smaller in the CF thermal-acoustic insulation materials. In particular, it is noted that 
the difference between the lengthwise direction and the widthwise direction was remarkably small in the CF thermal- 
acoustic insulation materials. More specifically, the tensile strength ratio of the medium tensile strength direction to the 
maximum tensile strength direction was equal to or greater than 86 % in the CF thermal-acoustic insulation materials 
with a bulk density of 3 kg/m 3 to 10 kg/m 3 . The ratio of the minimum tensile strength direction to the maximum tensile 

45 strength direction was equal to or greater than 5.4 %. 

[0081] In consideration of durability and handleability in manufacturing or mounting thermal-acoustic insulation mate- 
rials, the difference of tensile strength between each direction in three axes should be rendered as small as possible. 
However, it is extremely difficult to eliminate the difference of the tensile strengths due to certain factors in manufactur- 
ing. The reason is that, when a method of producing a wool-like carbon fiber aggregate by accumulating carbon fibers 

so is employed in manufacturing, many of the fibers composing the accumulated matter are oriented in the direction 
orthogonal to the gravitational direction because the fibers have a tendency to keep the orientation state more stable 
against gravitation. In other words, the fibers tend to be oriented in the lengthwise or widthwise direction. Therefore, the 
resulting thermal-acoustic insulation material produced by bonding the fibers having the aforementioned orientation 
state, the tensile strengths in the lengthwise and widthwise directions are likely to be too large while the tensile strength 

55 in the thickness direction is likely to be too small. 

[0082] if the tensile strength difference of a CF thermal-acoustic insulation material is equal to or less than that of a 
conventional material, however, the handleability and durability thereof are guaranteed to be at least equal or superior 
to those of the conventional material. In other words, judging from table 2, when the percentage of the minimum to the 
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maximum is controlled at 4 % or higher, and the percentage of the medium to the maximum 35% or higher, the resulting 
material can achieve the handleability, mountability and durability equal or superior to the conventional material. From 
the results in table 2, it is understood that the CF thermal-acoustic insulation material with a bulk density of 3 kg/m 3 to 
7 kg/m 3 can meet these conditions. 
5 [0083] The description below will now detail a manufacturing method of a CF thermal-acoustic insulation material hav- 
ing the physical properties as described in the preceding sections. 

[0084] First, anisotropic pitch obtained by polymerizing condensed polycyclic hydrocarbon is prepared in accordance 
with a publicly known art (Japanese Unexamined Patent Publication No. 63-146920). Second, spun fibers are produced 
by melting the pitch, and then discharging it from a spinning nozzle and at the same time blowing a heated gas from 
10 around the spinning nozzle in the same direction to which the melted pitch is discharged (preferably to the direction par- 
allel to the discharge direction). The heated gas has a role to prevent the discharged pitch from being immediately 
cooled, and to obtain fibers having an appropriate length. 

[0085] The aforementioned spun fibers are collected with, for example, a net and then subjected to infusibilizing treat- 
ment (oxidation treatment). Carbon fiber precursors are thereby produced. The carbon fiber precursors are then sub- 
15 jected to carbonizing treatment in an inert gas at 650 °C. or higher, and the resulting fibers are employed as carbon 
fibers. 

[0086] In the above method, it is possible to control an average diameter and average fiber length of the spun fibers 
at a desired value by varying a discharge outlet diameter of the spinning nozzle within the range of 0.5 mm to 0.2 mm 
and by adjusting the melt treatment temperature and discharge speed of the pitch as well as the temperature and dis- 

20 charge speed of the heated gas. 

[0087] Although the diameters and lengths of the fibers slightly change after infusibilizing treatment and carbonizing 
treatment, there is practically no difference between the sizes of the spun fibers and those of the resulting carbon fibers, 
when the margin of error in the measurements is taken into account. Likewise, there is practically no difference in their 
average fiber diameters and average fiber lengths. 

25 [0088] With employing the aforementioned carbon fibers, a CF thermal-acoustic insulation material of the present 
invention is prepared in accordance with the following manner. 

[0089] First, a carbon fiber aggregate (sprayed and accumulated matter) wherein a thermosetting resin solution is 
sprayed is prepared according to either of the following methods. The first method is that the carbon fibers collected by 
a net and the like are opened by, for example, blowing the air, and then the opened fibers are dropped and accumulated 
30 with a thermosetting resin solution being sprayed to the fibers (spray and accumulation method). The second method 
is that, after the carbon fibers are opened as in the above method, the opened fibers are dropped and accumulated onto 
a plane to form a coarse wool-like aggregate, and thereafter a thermosetting resin solution is sprayed to the aggregate 
(accumulation - spray method). 

[0090] Second, slight pressure is applied to the above-mentioned sprayed and accumulated matter with two pressing 
35 plates normally from the thickness directions, and then, with being kept in the pressed state, the matter is heated to cure 
the thermosetting resin. A three-dimensional carbon fiber structure wherein the fiber contact points are bonded together 
by a thermosetting resin is thus formed. It is to be noted that the pressing plates may be applied from the directions 
orthogonal to the thickness directions. 

[0091] It is to be understood that the CF thermal-acoustic insulation materials of the present invention may comprise 
40 only the aforementioned carbon fibers and thermosetting resin, or may comprise the aforementioned carbon fibers as 
a main constituent material and contain other fibers, insofar as the other fibers do not affect the acoustic and thermal 
insulation properties of the resulting material. Some examples of such fibers are; glass fibers, polyester fibers, ceramic 
fibers and the like. 

[0092] More specifically, in the case where the amount of thermosetting resin to be added is represented by b kg/m 3 , 
45 for example, if a bulk density of a carbon fiber aggregate is restricted at least within the range from (3 - b) kg/m 3 to less 
than (10 - b) kg/m 3 , the resulting CF thermal-acoustic insulation material will have a bulk density within the range from 
3 kg/m 3 to less than 10 kg/m 3 . 

[0093] In this case, it is preferable to restrict a bulk density of a carbon fiber aggregate (the bulk density after omitting 
b) at less than 1 .3 kg/m 3 by adjusting the gap between the aforementioned two pressing plates in the heating and form- 

50 ing step, in order to obtain a formed matter (three-dimensional structure of carbon fibers) with a desired bulk density. 
When the aggregate has a bulk density of less than 1 .3 kg/m 3 , which is quite coarse, the fibers therein are oriented suf- 
ficiently unevenly. Consequently, the resulting three-dimensional carbon fiber structure becomes bulky (i.e., has a small 
bulk density), and moreover, only the contact points of the fibers therein are bonded in the structure. The structure thus 
obtained has more unvaried tensile strengths in the three-axis directions. 

55 [0094] In preparing the aforementioned sprayed and accumulated matter, it is preferable to drop the opened carbon 
fibers from the height of 100 cm to a plane. The fibers are thereby oriented unevenly without using special equipment. 
The reason is, when the fibers are lightweight carbon fibers having an average fiber diameter of 0.5 jim to 2 jim and an 
average fiber length of 3 mm to 8 mm, and when the fibers are dropped from the height of 100 cm, some fibers are ori- 
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ented in the gravitational direction but some in the orthogonal direction to it. Therefore, a bulky carbon fiber accumula- 
tion (wool-like carbon fiber aggregate) with a random fiber orientation can be obtained. Accordingly, a three- 
dimensional carbon fiber structure with a random fiber orientation can be obtained by spraying thermosetting resin solu- 
tion to this accumulated matter. 
5 [0095] Regarding a method of dropping carbon fibers, the carbon fibers may be dropped by free-fall, or an air current 
may be applied upward (the direction in which the falling speed is decreased) or downward (the direction in which the 
falling speed is increased). If the air current is applied, it is easier to obtain a fiber aggregate having a desired bulk den- 
sity since the fiber orientation can be controlled. 

[0096] In the case where the fibers are gradually dropped onto a plane by free-fall, as in snowfall, the single fibers are 
10 oriented quite unevenly in each direction in three axis. Even so, however, many fibers tend to orient in the direction par- 
allel to the gravitation (the lengthwise or widthwise direction), resulting the tensile strength in the thickness direction 
smaller than the tensile strengths in the lengthwise or widthwise direction. If a particularly larger tensile strength in the 
thickness direction is required, a method in which pressure is applied from the lengthwise and/or widthwise direction 
with a press machine may be employed in the pressing step. When pressure is applied from these directions, the mate- 
15 rial with little difference between the tensile strengths in the three-axis direction can be obtained. 

[0097] Among the thermosetting resins which may be employed in the aforementioned step are, for example, phenolic 
resins, melamine resins and silicone resins. The amount to be used is normally 10 wt.% to 40 wt.% to the CF thermal- 
acoustic insulation material, or more preferably 20 wt.% to 30 wt.%. It is not preferable if the value exceeds 40 wt.% 
because the portions of the fibers except the contact points will be bonded due to the excessive amount of the binder. 
20 On the other hand, if the value is less than 1 0 wt.%, the contact points will be insufficiently bonded and thereby resulting 
too small tensile strengths and compression recovery rates. 

[0098] Regarding to phenolic resins, a heat treatment temperature in the aforementioned heating and forming step 
should be 150 °C. to 250 °C, normally 180 °C. to 220 °C. 

[0099] In accordance with the manufacturing method described thus far, the CF thermal-acoustic insulation materials 
25 of the present invention having the properties as described in the preceding sections can be obtained. 

[0100] Based on the examples, the further detailed description of the present invention will be given hereinafter. 

[Examples 1-4] 

30 [0101] A pitch with a softening point of 280 °C. was obtained by polymerizing condensed polycyclic hydrocarbon, and 
the pitch was melted at 320 °C. The melted pitch was discharged out of a spinning nozzle having a discharge hole with 
a diameter of 0.25 mm, and at the same time a heated gas with a temperature of 320 °C. was blown in the direction the 
same as and parallel to the pitch discharging direction. The pitch was spun and thereby formed into fibers, and then 
collected with a net. The carbon fiber precursors thus obtained had a diameter from about 0.5 to 3.5 pm (an average 

35 fiber diameter of 1 .3 pm) and a fiber length of 1 to 1 5 mm (an average fiber diameter of 5 mm). FIG. 1 shows a diameter 
distribution of the carbon fibers produced according to the above conditions. 

[0102] Subsequently, the resulting fibers were infusibilized by heating in the air for 30 minutes at 300 °C, and then 
carbonized by healing in an inert gas for 30 minutes at a predetermined temperature (650 °C M 700 °C, 750 °C. or 800 
°C.). Four types of carbon fibers each carbonized at a different temperature were thus obtained. The diameters and 

40 fiber lengths of these carbon fibers were approximately equal to the aforementioned carbon fiber precursors. 

[0103] Four types of CF thermal-acoustic insulation materials were prepared from the aforementioned four types of 
carbon fibers. More specifically, the carbon fibers were opened by blowing the air, and then the opened fibers were little 
by little dropped from a height of 100 cm onto a plane by free-fall, like the way snow falls, and a wool-like aggregate 
(non-bonded state) with a thickness of 120 mm and a bulk density of 0.7 kg/m 3 was thus obtained. 

45 [0104] Subsequently, 20 wt.% phenolic resin solution whose amount was 150 wt.% based on the weight of this carbon 
fiber aggregate was sprayed to the aggregate, and then the aggregate was pressed with a pressing machine equipped 
with two pressing plates until the thickness of the aggregate became about 25 mm. (No pressure was applied to the 
lengthwise and widthwise directions.) The aggregate was heated to 200 °C. with being held in the pressed state, and 
the phenolic resin was thus completely cured. Accordingly, three-dimensional carbon fiber structures (4 different types) 

so having a bulk density of 4.8 kg/m 3 and a size of 1 .5 m long, 0.5 m wide and 25 mm thick were produced, and the result- 
ing structures were employed as CF thermal-acoustic insulation materials. 

[Example 5] 

55 [0105] A CF thermal-acoustic insulation material of Example 5 with a bulk density of 4.0 kg/m 3 was prepared in the 
same manner as Examples 1 through 4 except that the carbonizing temperature was 700 °C. and the thickness of the 
carbon fiber aggregate was 100 mm. The size and thickness of the material thus produced were the same as those of 
the materials produced according to Examples 1 through 4. 
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[Example 6] 

[0106] The CF thermal-acoustic insulation material of Example 6 having a bulk density of 7.0 kg/m 3 was prepared in 
the same manner as Examples 1 through 4 except that the carbonizing temperature was 700 °C. and the thickness of 
5 the carbon fiber aggregate was 1 75 mm. The size and thickness of the material thus produced were the same as those 
of the materials produced according to Examples 1 through 4. 

[Comparative Example 1] 

w [0107] The CF thermal-acoustic insulation material of Comparative Example 1 was prepared in the same manner as 
Examples 1 through 4 except that the carbonizing temperature was 850 °C. The size, thickness and bulk density of the 
material thus produced were the same as those of the materials produced according to Examples 1 through 4. 

[Comparative Example 2] 

15 

[0108] The CF thermal-acoustic insulation material of Comparative Example 2 was prepared in the same manner as 
Examples 1 through 4 except that the carbonizing temperature was 900 °C. The size, thickness and bulk density of the 
material thus produced were the same as those of the material produced according to Examples 1 through 4. 

20 [Comparative Example 3] 

[0109] The CF thermal-acoustic insulation material of Comparative Example 3 was prepared in the same manner as 
Examples 1 through 4 except that carbon fibers employed for this example were produced from isotropic pitch made 
from coal tar and carbonized at 950 °C. , and the carbon fibers had a fiber diameter of 1 3 \im and an average fiber diam- 
25 eterof25mm. 

[Comparative Example 4] 

[0110] The glass fiber thermal-acoustic insulation material of Comparative Example 4 (thickness: 25 mm, bulk den- 
30 sity: 6.7 kg/m 3 ) was prepared from glass fibers having an average fiber diameter of 1 .0 jxm and an average fiber length 
of 10 mm, and by bonding the fibers with phenolic resin. 

[0111] Each type of the thermal-acoustic insulation material of Examples 1 through 6 and Comparative Examples 1 
through 4 was tested according to the same methods as described in "THE BEST MODE FOR CARRYING OUT THE 
PRESENT INVENTION" hereinbefore. Accompanied with the manufacturing conditions of the carbon fibers, the test 
35 results are set forth in Tables 3 and 4. 



Table 3 



50 



55 





Conditions of fibers 


Properties of three-dimensional structures (ther- 
mal-acoustic insulation materials 




Average diam- 
eter jim 


Average 
length mm 


Carbonizing 
temperature 

°C. 


Bulk density 
kg/m 3 


Galvanic cur- 
rent juA 


Galvanic cor- 
rosion 


Example 1 


1.3 


5 


800 


4.8 


17 


± 


Example 2 


1.3 


5 


750 


4.8 


1.8 




Example 3 


1.3 


5 


700 


4.8 


0.1 




Example 4 


1.3 


5 


650 


4.8 


0 




Example 5 


1.3 


5 


700 


4.0 


0.1 




Example 6 


1.3 


5 


700 


7.0 


0.1 




Comparative 
Example 1 


1.3 


5 


850 


4.8 


56 


+ 


Comparative 
Example 2 


1.3 


5 


900 


4.8 


110 


+ 
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Table 3 (continued) 





Conditions of fibers 


Properties of three-dimensional structures (ther- 
mal-acoustic insulation materials 




Average diam- 
eter jim 


Average 
length mm 


Carbonizing 
temperature 
°C. 


Bulk density 
kg/m 3 


Galvanic cur- 
rent jiA 


Galvanic cor- 
rosion 


Comparative 
Example 3 


13 

* 


25 


950 


12.0 


36 


+ 


Comparative 
Example 4 


1.0 


10 


N/A 


6.7 


0 
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Table 4 



20 




Tensile 
strength 


Tensile strength ratio (%) 


Thermal 
conductiv- 
ity 

W/m*°C. 


Acoustic absorptivity % (25 
mm) 


Compres- 
sion recov- 
ery rate % 






g/mm 2 


P2/P1 


P3/P1 




500 Hz 


1000 Hz 






Example 1 


0.6 


100 


5.1 


0.037 


20 


52 


82 


25 


Example 2 


1.1 


82 


5.3 


0.036 


22 


55 


86 




Example 3 


1.6 


88 


6.3 


0.035 


20 


52 


91 




Example 4 


1.1 


100 


5.5 


0.036 


21 


53 


85 


30 


Example 5 


1.2 


83 


5.0 


0.037 


18 


50 


83 




Example 6 


2.2 


95 


5.1 


0.033 


27 


60 


93 


35 


Compara- 
tive Example 
1 


1.1 


* 


* 


0.037 


21 


52 


84 




Compara- 
tive Example 
2 


0.8 


* 


* 


0.037 


21 


53 


83 


40 


Compara- 
tive Example 
3 


3.6 


* 


* 


0.060 


11 


22 


78 


45 


Compara- 
tive Example 
4 


0.9 


33 


2.5 


0.039 


16 


48 


70 




P1 : Tensile strength in the lengthwise direction (Maximum tensile strength) 
P2: Tensile strength in the widthwise direction 

P3: Tensiie strength in the thickness direction (Minimum tensile strength) 



50 *: Not measured 



[0112] As apparent in table 3, the galvanic currents in Examples 1 through 5 are 0.2 \iA to 17 jjA, and no galvanic 
corrosion was observed in Examples 2 through 6 although a very little galvanic corrosion was recognized in Example 1 . 
55 [0113] On the contrary, galvanic corrosion was obviously recognized in Comparative Example 1 (carbonizing treat- 
ment: 850 °C, galvanic current: 56 \xA), Comparative Example 2 (carbonizing treatment: 900 °C, galvanic current: 110 
jiA), and Comparative Example 3 (carbonizing treatment: 950 °C, galvanic current: 36 mA). The reason why no galvanic 
corrosion was recognized in Comparative Example 4 is that glass fibers do not generate galvanic current. 
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[0114] As shown in table 4, the tensile strength ratios (percentages) of Examples 1 through 6 were P2 / P1 = 82 - 100, 
and P3 / P1 = 5.6 - 6.3, Compared to these, in Comparative Example 4, the ratios are P2 / P1 = 33 and P3 / P1 = 2.5, 
which indicates the material of Comparative Example 4 has far greater difference in the tensile strengths in three axes 
than that of the CF thermal-acoustic insulation material of the present invention. 

5 [0115] As to thermal conductivity (W/m • °C). 0.035 to 0.037 were the thermal conductivities in Examples 1 through 
4, in which the materials having a bulk density of 4.8 kg/m 3 were employed. 0.037 was the value in Example 5, in which 
the material having a bulk density of 4.0 kg/m 3 was employed, and 0.033 was the value in Example 6, in which the mate- 
rial having a bulk density of 7.0 kg/m 3 was employed. Compared to these, 0.039 was the value in Comparative Example 
4 (the thermal-acoustic insulation material made of glass fibers), in which the material having a bulk density of 6.7 

10 kg/m 3 was employed. These results demonstrate that the CF thermal-acoustic insulation materials of the present inven- 
tion can achieve higher thermal insulation quality with a smaller bulk density when compared to the material made of 
glass fibers. It is to be noted that the smaller the thermal conductivity is, the better the thermal insulation quality. 
[0116] As to vertical incident acoustic absorptivities at 1000 Hz (%) in a thickness of 25 mm, 52 to 55 are the values 
in Examples 1 through 4 with the materials having a bulk density of 4.8 kg/m 3 , 50 in Example 5 with the material having 

15 a bulk density of 4.0 kg/m 3 , 60 in Example 6 with the material having a bulk density of 7.0 kg/m 3 . Compared to these, 
48 is the value in Comparative Example 4 (the thermal-acoustic insulation material made of glass fibers) with the mate- 
rial having a bulk density of 6.7 kg/m 3 . As similar to the above results, these results also demonstrate that the CF ther- 
mal-acoustic insulation materials of the present invention can achieve greater sound insulating effect with a smaller bulk 
density when compared to the material made of glass fibers. 

20 

INDUSTRIAL APPLICABILITY 

[0117] As has been described, the present invention can attain each of the previously-mentioned objects satisfactorily. 
A thermal-acoustic insulation material having high degree of thermal and acoustic insulation quality as well as excellent 

25 tensile strength and compression resilience can be obtained in accordance with the present invention. Furthermore, 
since the thermal-acoustic insulation material of the present invention comprises carbon fibers as a main constituent 
material, the resulting material has favorable properties intrinsic to carbon fibers such as lightness, chemical stability, 
incombustiblily, non-hygroscopicity and such properties that the material do not generate toxic fumes in case of fire. 
Moreover, the material of the present invention retains improved qualities in galvanic corrosiveness and non-electrical 

30 conductivity, both of which are drawbacks of the thermal-acoustic insulation material comprising carbon fibers. In addi- 
tion, the material of the present invention possesses remarkably improved mechanical characteristics such as excellent 
tensile strength and compression recovery rate. 

[0118] The thermal-acoustic insulation material as such not only excels in thermal and acoustic insulation quality in 
its initial mounting, but also does not suffer the deterioration of the quality even after long use. Further, the material does 
35 not cause galvanic corrosion to the members surrounding it and does not bring about short circuits resulting from the 
material itself or the fibers detached from the material in the electric circuits thereabout. 

[0119] The present invention has a significant value in industrial applicability in that it can provide a CF thermal-acous- 
tic insulation material not only usable for a member capable of saving energy consumption in housing and the like, but 
also suitably usable for aircraft, high-speed train cars, spacecraft and the like, wherein constant vibration exists, a great 
40 deal of metal material is used, and various electrical equipment is mounted. 

Claims 

1. A thermal-acoustic insulation material comprising a wool-like carbon fiber aggregate composed of carbon fibers 
45 having an average fiber diameter of 0.5 urn to 5 urn and an average fiber length of 1 mm to 15 mm, and wherein 

said fibers are bonded together by a thermosetting resin. 

2. A thermal-acoustic insulation material as in claim 1 , wherein a galvanic current is 10 uA or lower in a galvanic cell 
comprising an electrode composed of said thermal-acoustic insulation material, the other electrode composed of 

50 an aluminum plate, and an electrolytic solution composed of 0.45 wt.% aqueous sodium chloride solution. 

3. A thermal-acoustic insulation material as in claim 1 or 2, which has a bulk density of from 3 kg/m 3 to 10 kg/m 3 . 

4. A thermal-acoustic insulation material as in one of claims 1 to 3, which has a maximum tensile strength of 1.0 
55 g/mm 2 or higher. 

5. A thermal-acoustic insulation material as in one of claims 1 to 4, which has a compression recovery rate of 70 % 
or higher. 
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6. A thermal-acoustic insulation material as in one of claims 1 to 5, wherein a minimum tensile strength of the orthog- 
onal direction to said maximum tensile strength is 0.04 times or higher as said maximum tensile strength and, at 
the same time, a tensile strength of the orthogonal direction to both the direction of said maximum tensile strength 
and the direction of said minimum tensile strength is 0.76 times or higher as said maximum tensile strength. 

5 

7. A thermal-acoustic insulation material as in one of claims 1 to 6, which has a thermal conductivity of 0.039 
W/m • °C. or lower. 

8. A thermal-acoustic insulation material as in claims 1 to 7, wherein a vertical incident acoustic absorptivity at a fre- 
10 quency of 1000 Hz of said thermal-acoustic insulation materia! with a thickness of 25 mm is 48 % or higher. 

9. A thermal-acoustic insulation material as in one of claims 1 to 8, wherein said carbon fibers are produced from ani- 
sotropic pitch obtained by polymerizing condensed polycyclic hydrocarbon. 

15 10. A method of manufacturing a thermal-acoustic insulation material, comprising the steps of: 

a spinning step of producing spun fibers by heating and melting anisotropic pitch obtained by polymerizing con- 
densed polycyclic hydrocarbon, then discharging melted matter out of a spinning nozzle and at the same time, 
blowing a heated gas from around the spinning nozzle in the same direction to which the melted matter is dis- 
20 charged; 

a carbon fiber manufacturing step of manufacturing non-galvanic-corrosive carbon fibers by infusibilizing spun 
fibers and thereafter carbonizing the fibers at not less than 650 °C. but less then 750 °C; 

25 a spraying and accumulating step of accumulating said non-galvanic-corrosive carbon fibers onto a plane so 

as to form a wool-like material with spraying thermosetting resin solution to said fibers; and 

a heat-forming step of forming said wool-like material with applying heat. 

30 11. A method of manufacturing a thermal-acoustic insulation material as in claim 10, wherein said spraying and accu- 
mulating step comprises an accumulating step of accumulating said non-galvanic-corrosive carbon fibers so as to 
form a wool-like material of accumulated carbon fibers and a spraying step of spraying a thermosetting resin solu- 
tion to said wool-like material of accumulated carbon fibers. 

35 12. A method of manufacturing a thermal-acoustic insulation material as in claims 1 0 or 1 1 , wherein a method of accu- 
mulating said carbon fibers in said spraying and accumulating step or said accumulating step is characterized by 
accumulating said carbon fibers by dropping said carbon fibers opened by the air from a height of at least 100 cm 
or higher onto a plane. 

40 13. A method of manufacturing a thermal-acoustic insulation material as in claims 11 or 12, wherein said wool-like 
material of accumulated carbon fibers has a bulk density of 1 .3 kg/m 3 or lower. 
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FIG.2 



Carbon fiber (Single fiber) 
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FIG.3 

CF thermal-acoustic insulation material 
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FIG.4 

Carbon fiber (Single fiber) 
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FIG.5 

CF thermal-acoustic insulation material 
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FIG.6 
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Bulk density 4.8kg/m 3 
Thickness 25mm 
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FIG.8 
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FIG. 10 

Thermal insulation quality per unit bulk density 
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60 " Average diameter 1.3 £t m 



40 



20 



1 2 3 4 5 
Fiber diameter (Mm) 



26 



EP 0 963 964 A1 




27 



EP0 963 964 A1 



m 
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FIG. 15 
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